This Refresher Course was originally arranged around two problems: the mechanism of the genie control of behavior, and its evolutionary implications. The first question is the primary reason why behavior genetics is regarded as a discipline of its own, even though, as several of the speakers have emphasized, behavior is not in principle different from morphological phenotypes with regard to its genetic determination. Since we are interested in the phenotype "behavior" in its own right, we find in its genetic analysis a powerful tool to analyze and understand its origin in the history of individual organisms. The second topic is a direct consequence of the first: it is obvious that behavioral characters play a large role in determining the genetic makeup of populations and the fitness of populations in particular environments. Furthermore, we have seen that geneticallydetermined behavioral characters play a large role in the evolutionary changes occurring in populations, and in the process of speciation.
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In view of the fact that the two aspects of behavior genetics are closely interrelated, it is not unexpected that the neat division into physiological and evolutionary problems, so dear to the heart of organizers of conferences, breaks down in actual practice. Most of the papers presented in this refresher course contain material which has a bearing on both types of questions, and several of them might have been presented equally well in the morning and in the afternoon session. I shall, however, in this synthesis, return to the original division into two topics, simply because it permits me to discuss some of the aspects of behavior genetics separately from each other and in a more or less logical order.
MECHANISM
The primary action of genes is being vigorously investigated in microorganisms, and Jacob and Monod have applied our knowledge derived from the study of microorganisms to our interpretation of development in multicellular organisms. Fuller has attempted to apply the theory of Jacob and Monod to the genie determination of behavior, and has suggested that the genes controlling behavior may be regarded as regulator or operator genes rather than as substrate genes, i.e., genes controlling the activity or inactivity of substrate genes rather than genes controlling directly the amino acid sequence in a protein. It is at the present time difficult to obtain direct evidence on this question, because our methods for detecting regulatory gene systems in multicellular organisms are restricted. The investigations of McClintock (1961) in corn seem to have furnished the only well-substantiated cases. Paigen and Noell (1961) have suggested that genie conditions causing reduction of the enzyme /}-glucuronidase and degeneration of the visual cells of the retina in mice may be due to operator gene mutations, since the two genes are linked and their effects follow strikingly similar time sequences in development. (It should be mentioned in this connection that the second mutant character leads to blindness and affects, therefore, a behavioral releasing mechanism as defined in Dilger's paper.) In the corn investigations as well as in the mouse investigations, it is the timing of gene effects in development which is regarded as the characteristic function of operator genes in multicellular organisms. That the timing of the appearance of behavioral characters is one of the important variables with which behavior genetics is concerned has been mentioned in several of the papers, and has been particularly emphasized by Scott.
It should, however, also be mentioned that some cases of behavioral gene effects (169) can be easily described in terms of orthodox structural genes. The case of phenylketonuria in man is one of the best-investigated cases of gene effects in multicellular organisms, comparable to our knowledge of the gene effects on eye pigments in insects. The fact that several other gene-controlled enzyme deficiencies in man result in serious interference with the functioning of intelligence points to the complexity of the genetic basis of this character.
Many behavioral characters, just as morphological characters, appear to be dependent on a considerable number of genes, as shown by their polygenic behavior in crosses. This can be understood by a hypothetical model which will show how the same biochemical phenotype influencing behavior may be induced by different mechanisms, which may be expected to be under separate genetic control. We know that serotonin is accumulated in specific regions of the brain of mammals. The substance is believed to influence some of the behavioral characters which are called "emotionality," and the level of this substance in the brain is believed to determine at least certain components of this character. Serotonin is a tryptophan derivative, 5-hydroxytryptamine, which is derived from tryptophan by two enzymatic steps. Each of these steps may be assumed to be under the control of one locus. Secondly, 5-hydroxytryptophan penetrates the bloodbrain barrier, and is apparently taken up selectively by the cells of the hypothalamus and by the cells of other parts of the brain. Little is known about the influence of genes on cell permeability. In the case of the bacterium Escherichia coli, uptake of lactose from the medium is dependent on a permease, and the gene controlling the permease is closely linked to the locus controlling the enzymes involved in the breakdown of the sugar. The gene for the permease is, however, different from the locus controlling the enzyme, insofar as it mutates independently and can recombine with it (Cohen and Monod, 1957) . In the moth Ephestia, the gene a whose primary action affects tryptophanoxidase, has a pleiotropic effect on the amount and timing of the uptake of riboflavin by the cells of the testis sheath (Caspari and Blomstrand, 1958) . Permeability of cells for specific substances may therefore be under genetic control, either directly by controlling a permease, or indirectly as a pleiotropic effect of other structural genes. Within the cells, serotonin appears both in free and bound form, and the results of Maas (1963) discussed in Fuller's paper seem to indicate that the mouse strains BALB and C57 differ in their ability to bind serotonin. Finally, the breakdown of serotonin depends on the enzyme monoamino-oxidase, which may again be assumed to be under genetic control. The final result, serotonin concentration in the brain, will be the result of the state of all the genes determining one of the partial processes mentioned. This results in the fact that behaviorally similar strain differences may have different genetic bases, as has been pointed out by Fuller and by Bruell.
It may be briefly pointed out that the opposite situation, pleiotropic action of single genes, may also be found. Wellcharacterized morphological genes may be accompanied by effects on behavior, and Cotter (1963) has analyzed a case of this type. Dilger has suggested that single genes may affect different behavioral "act systems."
So far, the problems of behavior genetics do not differ from other aspects of developmental genetics. A complication is introduced when it is considered that behavior involves interactions of the organism with its environment. We may regard genie influences on sensory and motor organs as trivial, and concentrate on effects on the nervous system. As Dilger points out, the releasing mechanism for a particular behavior pattern may be innate, and in such cases the genetic basis may be most easily analyzed. In the case of hygienic behavior of bees described by Rothenbuhler, two genes control certain behavioral activities and also the stimuli which induce these activities. The temporal sequence of the behavioral activities may be simply established by the fact that the result of the first behavioral activity, opening the cells, serves as the stimulus inducing the behavior controlled by the second gene. Rothenbuhler's case is a model for the analysis of a complex behavior by genetic methods which permit breaking it up into separate components. It is furthermore clear, from the fact that each of these is controlled by a separate gene, that it cannot be further subdivided except possibly at the subgenic level; at the level of physiological and evolutionary genetics, these two gene pairs may be regarded as separate and ultimate units.
Similar conclusions may be derived from the classical observations of Whiting (1932) on differences in the behavior of the sexes in Hnbrobracon. The females of this parasitic wasp sting Ephestia larvae, while the males do not react to Ephestia larvae at all, but court Habrobracon females. This sex difference in behavior is dependent on the chromosomal sex of the brain cells, since sexual mosaics behave according to the constitution of the brain, independently of the constitution and structure of the genitals. If the brain itself is a sex mosaic, disturbances of the behavior characteristic of the sexes occur. Of these disturbances the so-called "wires crossed" behavior is most interesting. Gynandromorphs of this type court Ephestia larvae and try to sting Habrobracon females. In other words, in this case the releasing mechanism has been disrupted insofar as a stimulus elicits behavior appropriate to another stimulus. This is another example of the breaking up of a behavior pattern, analogous in some respects to the Agapornis hybrids discussed by Dilger.
In general it appears, then, that single genes or gene complexes may control innate releasing mechanisms, i.e., the perceiving of an environmental condition or object as a stimulus and the reaction to the stimulus. These mechanisms can, however, be disrupted by abnormal conditions such as found in mosaics and species hybrids, indicating the existence of complex conditions for one of these behavioral components in the central nervous system. The development of a behavior pattern has been analyzed by Scott for the barking behavior of dogs. He speaks in this connection of a metamorphosis, insofar as the noises produced in neonatal life are quite different from those in adult life and are adapted to the conditions under which the newborn animals live. In later life, the neonatal behavior disappears, and barking appears in a breed-specific way. The course of development is characterized by the fact that the frequency of barking reaches a maximum early in life and drops later on.
One aspect which ought to be mentioned in connection with development is the influence of experience on the development of behavioral characters. The behavior of many vertebrates, and in particular the higher mammals and birds, is characterized by great plasticity, modifiability by experience, and, even in the case of some behaviors, dependence on experiential factors for its development. These facts have given rise to the nature-nurture problem which has been discussed in Hirsch's paper. Here it is necessary only to repeat what has been stated in several contributions-that genes determine what a particular organism can learn, what it cannot learn, and the way a particular behavior is learned. Dilger has emphasized this fact for differences between species, but it appears to hold also for genetic differences within species. Strain differences in learning ability, differences not so much in general learning ability but in the ability to learn specific tasks and to learn them in different ways, do not seem to have been systematically explored and might constitute a promising field for future investigation.
Another aspect of learning theory of interest to geneticists has been mentioned by Fuller-the problem of the mechanism of learning. Two possibilities have been indicated by Fuller: learning might involve either changes in the activities of nerve cells (presumably ultimately biochemical), or changes in the arrangement and connections of nervous elements in the central nervous system. It has been mentioned in my introductory remarks that evidence is gradually accumulating which points to a connection between RNA synthesis and learning and conditioning processes. The evidence is by no means conclusive, and more work in this area should be rewarding. It appears to be a field in which geneticists interested in the control of behavior may make important contributions. Cotter (1963) and Bruell in this symposium have stressed the importance behavioral characters play in determining the genetic makeup of populations. Cotter's main result showed that for the particular gene he investigated the pleiotropic effect on mating behavior constitutes the main component of its adaptive value. It should be mentioned that this applies to the particular genetic background and the particular environmental conditions he used, and that under other circumstances different results could be possible. Reed and Reed (1950) demonstrated that the selective disadvantage of the mutant gene w in Drosophila can be completely accounted for by its adverse effect on mating behavior. More recently. Morpurgo and Nicoletti (1956) concluded from their experiments that reduced viability was a more important factor in the reduced fitness of w than the effect of this gene on mating behavior. It appears quite possible that this discrepancy can be accounted for by differences between the experimental conditions and genetic backgrounds used by these investigators.
EVOLUTIONARY CONSIDERATIONS
It is therefore of importance that the results of Bruell confirm for polygenicallydetermined behavioral characters the conclusions of Cotter, Reed and Reed, and other Drosophila workers. Bruell's findings lead to the conclusion that all four behavioral characters which he investigated are determined by genes which, in the wild populations from which the domesticated strains are derived, are under strong selective pressure. This does not apply to the genes controlling serum cholesterol level and the amount of red blood cells in plasma. The implication is that the latter gene complexes are maintained in the population bv effects other than those on the characters investigated.
In Cotter's (1963) experiment with the mutant gene a in Ephestia, the effects on viability and mating behavior act in the same direction, both lowering the fitness of the mutant compared to its wild type allele. If they were to act in opposite directions, they might balance each other. Such a situation has been analyzed for the pair of alleles Rt and rt in Ephestia. These two genes affect testis color, an effect which by itself does not seem to have any effect on adaptive value but is only an indicator for a biochemical difference. It could be shown, however, that rtrt animals have a higher viability while RtRt males are more successful in their mating activity (Caspari, 1950) . Both superior effects are dominant in the heterozygote, so that a heterosis exists which would be expected to lead to stable polymorphism. It is important that this expected polymorphism has actually been found in American and European wild populations. In Drosophila persimilis, differences in mating behavior which may be involved in the establishment of heterosis have been found to be dependent on chromosomal inversions (Spiess and Langer, 1961) .
There is, then, no doubt that their pleiotropic effects on behavior constitute a major component of the adaptive value of many genes, and in this way contribute to the genetic makeup of populations. The role of genes affecting mating behavior in the process of species formation has been analyzed by Ehrman. In the case of Drosophila paulistorum, speciation is dependent on two factors-a chromosome-cytoplasm interaction which induces hybrid sterility, and preferential mating. Ehrman points out that in this case the mechanism leading to hybrid sterility is probably the first step in the initiation of the mating barrier which confers an adaptive advantage to the genes controlling the mating behavior.
The results of such a speciation process consequently show species-specific behavior patterns in closely related species. As Dilger points out, the behavior patterns of closely related species consist of similar acts which differ from each other in form, sequence, and timing. These acts are units which can be analyzed by comparison of related species. From a genetic point of view it remains to be established whether these units are dependent on single genes or on coadapted gene complexes which are kept together by selection. The two genes involved in the hygienic behavior of the honeybee offer one of the simplest possible examples of a coadapted gene complex: the presence of both genes together in the same population confers a high selective advantage on the population in case of an epidemic, while either gene alone will have no value.
The establishment of coadapted gene complexes in a population plays a particular role if we want to understand the genetic basis of social interaction. Mating behavior, being the most elementary form of interaction between animals of the same species, would be expected to supply examples. The findings of Bastock (1956) may be mentioned here. She showed that mating behavior of Drosophila males carrying the mutant gene y is reduced in efficiency as compared to wild type males. The females of the yellow strain from which these males were derived possessed, however, a lowered threshold for acceptance of the male, so that mating within the strain occurred with normal frequency. Apparently in the establishment of the strain the females had been selected for a lower threshold.
That phenomena of this type may play an important role in the establishment of social activities has been emphasized by Scott. The character he discussed, barking in dogs, is a means of communication, and he pointed out that not only the pattern and frequency of barking but also the threshold of social stimulation which elicits social behavior are under genie control. In addition, there is inherited a tendency towards variability, both between animals of the same breed, and for the same individual at different times. This variability may be regarded as a mechanism favoring individual adaptation to changing social conditions.
In summary it may be stated that at its present state genetic methods have made important contributions to our analysis of behavior. On the other hand, a deeper understanding of animal behavior and its genetic basis has led to important insights into the processes involved in the genetic constitution of wild populations, the breeds, and inbred strains developed from them, and the process of speciation. It is to be expected that further evidence will accumulate which will elucidate these points, and which will particularly help us to understand the genetic basis of the processes involved in adaptation.
